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[57] ABSTRACT 
When explosive fuels such as hydrocarbons are pumped 
into or out of a barge or tanker, a metallic conduit hav 
ing an insulated ?ange therein is typically connected to 
the barge. The method of this invention involves con 
necting the barge to the earth through a barge-ground 
ing cable, connecting the metallic conduit to the earth 
through a conduit-grounding cable, whereby a ground 
ing test circuit is established with a current source con 
nected between the earth and the grounding cables. A 
?ange resistor is connected across the insulated ?ane to 
form a ?ange circuit. The currents ?owing through the 
grounding cables are being continuously monitored in 
the grounding circuit to determine the presence of a 
broken connection or of an ineffective electric contact. 
A continuity test is also continuously being made of the 
?ange insulation in the ?ange. A plurality of sensing 
relays are operatively coupled to the grounding test 
circuit and to the ?ange circuit for sensing the currents 
?owing in the grounding test circuit and in the ?ange 
circuit. The sensing relays are operatively intercon 
nected through suitable switching means with an alarm 
circuit having warning devices which can be continu 
ously or intermittently operated'to indicate safe and 
dangerous operating conditions. 

8 Claims, 1 Drawing Figure 
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METHOD AND SYSTEM FOR PROTECTING 
BARGE 

BACKGROUND OF THE INVENTION 
When a barge is docked for receiving or unloading 

explosive ?uids, such as hydrocarbons, metallic loading 
' arms or hoses are connected to the barge. The explosive 
?uids are then'pumped into/or from suitable storage 
tanks via conduits connected‘ to the loading arms. Both 
the barge and the loading arms are in an electrolytic 
circuit. When the loading arms are connected to the 
barge, electric current will ?ow into the loading arms 
because there is a potential difference therebetween, say 
on the order of 0.5 volts. This potential difference is 
increased to say 1.0 volts by the conventional cathodic 
protection normally associated with the conduits, stor 
age tanks, and dock. Since the resistance in this electro 
lytic circuit is very small, a very large current can ?ow 
between the barge and the loading arms. 

This large current can produce arcing when the me 
tallic loading arms ?rst make contact with the barge. 
Such arcing can cause the explosive ?uids in the barge 
to ignite. Major catastrophes of this nature have already 
occurred. ' > ' 

Heretofore, various schemes have been used to pre 
vent such a catastrophe. One such scheme relies on 
connecting a grounding cable to the barge through an 
explosion-proof switch so that when arcing across the 
switch does occur, it will cause‘ no damage. This scheme 
is not entirely effective because it does not prevent 
current from continuing to ?ow when the loading arms 
are being connected to the barge. Also no effective 
monitoring system was used for continuously testing 
the conductivity of the circuits involved to determine 
those unsafe conditions which can produce a cata 
strophic explosion. 

It is an object of the present invention to provide an 
effective electric grounding network which forms an 
integral part with a continuity monitoring system which 
continuously senses the events which are indicative of 
normal and abnormal operation, thereby ensuring safe 
operating conditions in and around the dock, the fuel 
storage tanks, the loading arms, and the barge. 

It is an additional object of the present invention to 
protect the loading arms against lightening. 

SUMMARY OF THE INVENTION 

When explosive fuels such as hydrocarbons are 
pumped into or out of a barge or tanker, a metallic 

‘ conduit having an insulated ?ange therein is typically 
connected to the barge. The method of this invention 
involves connecting the barge to the earth through a 
barge-grounding cable, connecting the metallic conduit 
to the earth through a conduit-grounding cable, and 
connecting a resistor across the insulated ?ange. A 
current source is connected to the earth in a grounding 
test circuit to continuously feed current through the 
grounding cables. A current source is also connected to 
the ?ange resistor in a ?ange conduit. 
When the barge-grounding cable and the metallic 

conduit are not connected to the barge, the current ?ow 
through the conduit-grounding cable is being, continu 
ously monitored to check the cable’s continuity. When' 
the barge-grounding cable is connected to the barge, a 
continuity test is automatically being made to determine 
effective contact of all the grounding components in the 
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grounding electric circuit. This continuity test will de- - 

. 2 

termine the presence of a broken wire or of an ineffec 
tive‘contact, if any. - ' 

'After establishing an effective electric contact be 
tween the barge-grounding cable and the barge, it is 
then safe to connect (or to disconnect) the metallic 
conduit to (or from) the barge. A continuity test is con 
tinuously being made on‘ the ?ange circuit to determine 
the effectiveness of the insulation in the ?ange. 
A plurality of sensing-relays are operatively coupled 

to the grounding circuit and to the ?ange circuit to 
sense the currents ?owing through the grounding ca 
bles and the ?ange resistor. The contacts of the relays 
are operatively interconnected, with the contacts 'of 
suitable switching means in an alarm circuit having 
warning devices which can be continuously or intermit 
tently operated to indicate safe and dangerous operating 
conditions. ‘ 

In a preferred embodiment, the grounding circuit is 
supplied with DC current and the ?ange circuit with 
AC current. The warning devices include visible lamps 
and at least one noise-making horn. A ?rst shunt resistor 
is connected in the conduit-grounding cable and a sec 
ond shunt resistor is connected in the barge-grounding 
cable. The two shunt resistors have a common junction. 
A pair of voltage-sensing relays are connected across 
the ?rst shunt resistor, and a voltage-sensing relay is 
connected across the second shunt resistor. A resistor is 
connected in series with the ?ange resistor for develop 
ing an AC voltage thereacross. This AC voltage is 
recti?ed and applied to a pair of voltage-sensing relays. 
The warning devices are energized by the AC source 
through a multi-contact, manually-operated switch, an 
electric relay, and a ?asher relay. The operations of the 
electric relay and of the ?asher relay are controlled by 
the sensing relays. The ?asher relay is intermittently 
operated when an abnormal condition occurs in the 
?ange circuit. The ?asher relay causes the intermittent 
operation of one or more of the warning devices. 

DETAILED DESCRIPTION OF THE DRAWING 

The sole drawing is a schematic circuit diagram of a 
preferred embodiment of the grounding and monitoring 
system used in the practice of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT ' 

The object of this invention is to bring about an 
equalization between the potential of an offshore metal 
lic structure such as a barge or ship 1, and the potential 
of one or more metallic objects, such as the metallic 
loading arms 2 connected to metallic conduits 2' so as to 
eliminate any ‘potential difference therebetween, 
whereby no arcing can take place when the arms are 
brought near, connected to or disconnected from the 
barge. ' . 

This desired potential equalizationis accomplished 
by electrically grounding the barge 1 with a barge 
grounding cable 3, and by grounding the metallic load 
ing arms 2 with a conduit-grounding cable 4 which can 
be soldered or welded as at 5 to the metallic arms 2. 
Cable 3 is connected to the earth E by one or more 
anode rods A drilled into the ground, and cable 4 is 

- connected to the earth by one or more cathode rods C. 
Rods A and C are preferably of the conventional types 
used in the cathodic protection circuit (not shown) for 
protecting the metallic conduits, any storage tanks to 
which these conduits are connected, and the clock of 
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which they may form part. Grounding cables‘3- and 4 
have a junction 6. Each conduit 2’ typically has a pair of 
conventional insulated flanges F-l, F-2. Each .l?ange {E-l 
is coupled to a loading arm 2. No current can ?ow 
through either ?ange when it is properly insulated as 
required. Such ?anges are available commercially. 

It is also desired to provide a monitoring system-10 
which will continuously monitor the effectiveness of 
the grounding system which protects barge 1 and load 
ing arms 2 against arcing and lightening. 
To monitor the effectiveness of the grounding cables 

3 and 4, the monitoring system 10 provides direct-cur~ 
rent (DC) voltage to the grounding cables 3 andv 4 
which form part of a DC test circuit, generally desig 
nated as 7. .To monitor the effectiveness of the insulation 
in'the ?anges F-l, F-2, monitoring system 10 provides 
an alternating-current (AC) voltage to a ?ange test 
circuit, generallydesignated as 8. . 

DETAILED DESCRIPTION OF THE 
' * MONITORING SYSTEM 10 

AC‘voltage is supplied through ‘a common line L-'1 
and a line L2 The conditions or events being moni 
tored are indicated by an alarm circuit 10' having visible 
and audible warning devices which can assume various 
forms but in the preferred embodiment include lamps 
13-17 and a born 18. In one particular embodiment of 
the invention, lamps 13, 15 and'16 were red, lamp 14 
was green, and lamp 17 was amber. ‘ ' ' 
System 10 includes a manually-operated main switch 

20 having three single-pole, double-throw blades. These 
blades are normally in the “up” position whereby the 
switch’s contacts a-c are closed. When the blades are in 
their “down” position, the contacts d-f are closed. 

‘ vSystem 10 also includes a main power relay 21 and 
?ve electronic sensing relays 22-26. Each electronic 
relay is energized by the AC power lines L1-L2 con 
nected‘to its’ AC terminals ~g-h. Electric relay 21 re 
ceives AC voltage at its terminals g-h. Each electronic 
relay senses andqis operatively controlled by a DC volt 
age applied to its DC terminals e-f. 

The‘ main relay 21 has normally-closed (NC) contacts 
a-‘c and normally-open (NO) contacts d-e. Sensing relay 
22 has NO contacts a-b; relay 23 has NC contacts a-b; 
relay 24 has NO contacts a-b; relay 25 has NC contacts 
a-b, NO contacts b-c, and NC contacts d-d'; and relay 
26 has NC contacts a-b, NO contacts b-c, and NO 
contacts’ d-dy'. Electronic relays 22-26 sense the ampli 
tudes of the- DC. ‘voltages corresponding to events or 
conditions that can occur, while the monitoring system 
10 protects barge 1 against the undesirable effects which 
can result from a failure of properly and effectively 
grounding barge 1 and loading arms 2. ' . 
To make certain warning devices in the alarm circuit 

10’ more effective, there is provided a ?asher 27 and a 
?asher relay 29. Flasher 27 has a heater coil 28 which 
receives ACv voltage at its terminals g-h. Coil 28 con 
trols the opening and closing of its pair of NC contacts 
a-b which control the AC voltage supplied to the 
flasher relay 29.having NO contacts a-b'. . . 
The DC control‘ voltages for operating electronic 

relays 25, 26 is obtained from the power lines through a 
transformer 30 having primary and secondary coils 31, 
32 respectively. ‘The secondary ‘coil 32 energizes the 
previously-mentioned, AC ?ange test circuit 8 which 
includes: a condenser'33, a resistor 34, and a pairof 
resistors 35, 36 respectively connected in parallel 'with 
the pair of insulated ?anges F-rl, F-l, as shown. Con 
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' terminal of recti?er1v 40. 

4: 
denser 33 and resistors 35, 36 limit the amount of cur 
rent flowing in ‘the’ ?ange circuit ‘8. p 
The AC voltage developed across resistor 34 is ap 

plied to a recti?er bridge 37 which produces a DC 
voltage V3 which ‘is applied'to the contacts e-f of elec 
tronic relays 25, ‘26with the polarities as shown. ‘ ) 
The’D'C circuit 7 previously mentioned includes a 

recti?er 40_which feeds DC current I to the anode rods 
A.’ The current I from the anode rods A flows from and 
through the earth E surrounding rods A to the cathode 
rods C through a path which is known as an “electro 
lytic” pathv and which is represented by the dotted lines 
ep- . ,. - ,. 

When the grounding cable 3 is effectively connected 
to the‘: barge 1 through a suitable clamp 41, the ep path 
extends through the ‘barge. A portion 1; of the current I 
returns through cable 3 to junction 6. Another portion 
11 of the current I returns through cable 4 to junction 6. 
The total, current I: I1 +I2‘ returns back to the negative 

Between‘ junction 6 andtthe ?ange grounding cable 4 
is connected a shunt resistor 42, and between junction 6 
and rectifier 40 is connected a shunt resistor 43. Each 
shunt. resistor is a precision resistor which develops 
thereacross a DC voltage whose amplitude is directly 
proportional to, the current,?owingtherethrough. As 
will be subsequentlydescribed, the amplitudes of the 
currents I1, and I2 and hence of the voltages developed 
across ‘resistors, 42, v4_-3.will-‘,depend ‘on the continuity 
conditions of the DC circuit’! being monitored. Simi 
larly, the ‘voltages developed across- resistor 34 _will 
depend on the continuity conditions of the AC ?ange 
circuit-,8 being monitored, . - r} , 

Electronic relays 23, 24 sense the voltages developed 
across resistor 42., Electronic relay 22 senses the voltage 
developed across resistor '43. The amplitudes of the 
voltages developed across shunt resistors 42 and 43 will 
depend, among other things, on whether or not the 
grounding cable 3 establishes veffective electric contact 
with the bargevllxand ‘on whether arms 2 are also con 
nected to the barge. . . 
'Reci?er 40 is powered from the main power lines 

L,-1, L-2. Allthegelectronic relays 22-26 are also con 
stantly being energized‘by the AC power lines at the 
relays,’ terminals g-h, while AC power tomain relay 21 
is controlled by the NO contacts a-bof electronic relay 
22 and by theNC contacts ab of relay 23. 
One terminal of each warning device is connected to 

the common power line L-l, while the other terminal of 
each warning device is connected to the other power 
line L-2 through the lvariouscolntacts of the switches 
and relays which open or close depending on the events 
or conditions being monitored. _ . 

‘ NORMAL NON-OPERATING CONDITION A 
" " (CLAMP ' 41 AND v ARMS 2 'DISCONNECTED) 

: In this condition A, system 10 is inits normal opera 
tionwith thermain switch 20 in its “up” position, as 
shown, and neither the grounding cable 3 nor the load 
ing arms 2 are connected to barge 1, as when barge 1 is 
at sea. . , ‘ 

The only function for system 10 is to test the continu 
ity ofandllthe powerin the DC circuit 7. A discontinuity 
in circuit 7 can occur for many reasons including: defec 
tivemanode rods'A or. disconnected cathode rods ,C, 
imprbpercontactbetween the rods and the surrounding 
earth E, ‘a broken groundingrcable 3,1ineffectiveconnec 
tions l5,with the metallic loading arms .2, a broken cable 
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4, a defective recti?er 40, lack of AC power supplied to 
the recti?er, etc. ~' 

Also, in the event that a break occurs in cable 4 or 
that cable 4 is improperly connected to the loading arms 
2, then the loading arms, not being effectively grounded 
to the earth E, present a great danger in that they can 
attract lightening. But, when cable 4 is properly 
grounded, it acts as a lightening arrester in addition to 
its grounding function in the equalization of the poten 
tial between barge 1 and loading arms 2. v 

If the DC circuit 7 has no discontinuity therein, DC 
current I flows from the positive terminal of recti?er 40 
through the rod A, path ep, rods C, cable 4, shunt resis 
tor 42, junction 6, shunt‘ resistor 43, and back‘ to the 
negative terminal of recti?er 40. The DC voltage V1 
across shunt resistor 42 activates electronic relay 24 
thereby closing its NO contacts a-b. V1 is not suf?cient 
however to actuate relay 23. 
The status of the alarm circuit 10’ is as follows: lamp 

13 is ON because it is connected across the AC power 
lines through NC contact a of main switch 20; lamp 15 
is ON because it is connected across the power lines 
through NC contact a of relay 21; lamp 17 is ON be 
cause it is connected across'the power lines through 
contacts a-b of relay 24 which have been‘closed by 
voltage V1 supplied .to terminals e-f of relay 24. 
Whenever red lamp 13 is ON, it'is unsafe to connect 

or to disconnect the loading arms 2 to ‘or from barge 1. 
Whenever red lamp 15 is ON, it is because cable 3 

carries no current I2, as when clamp 41 is not connected 
to barge 1,‘ or when cable 3 is discontinuous._ 
Whenever amber lamp 17 is ON, it indicates that 

current I] or vI ?ows through the grounding cable 4 and 
therefore itis continuous. 

NORMAL NON-OPERATING CONDITION B 
‘ v(CLAMP 41 CONNECTED) 

In Condition B switch 20 is in its “up” position and 
the grounding cable 3 is effectively electrically con 
nected. to barge 1 through clamp 41. A preferred em 
bodiment of such a clamp is described in copending 
application Ser. No. 969,763 ?led 12/15/78, assigned to 
the same. 

It is desired in Condition B to monitor whether or not 
clamp 41 makes good electric contact with barge 1. 
Current I1 flows in cable 4, as described in Condition A, 
and current I; now also ?ows in cable 3 through the ep 
path in barge 1. The voltage V1 developed across shunt 
resistor 42 activates relay 24 and, therefore, amber lamp 
17 stays ON. The voltage V1 is insuf?cient to actuate 
relay 23, therefore its contacts a-b remain closed. The 
voltage V; developed across shunt resistor 43 actuates 
relay 22 thereby closing its NO contacts a-b. 
The main relay 21 becomes energized since its termi 

nal h is connected to the common power line L-1 and its 
terminal _ g is now connected through contacts a-b of 
relay 22 and contacts a-b of relay 23 to the other power 
line L-2. The actuation of relay 2l'opens its NC contact 
a and closes its NO contact d. The opening of contact a‘ 
turns red lamp 15 OFF, and the closing of contact d 
connects horn 18 across the power lines. The sounding 
of horn 18 indicates that clamp 41 makes good electric 
contact with barge 1. Red lamp 13 continues to stay ON 
since main switch 20 remains in its “up" position. Both 
horn 18 and red lampv 13 warn the operator to move 
main switch 20 to its “down” position. 
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SAFE OPERATING CONDITION C (CLAMP 41 
AND ARMS 2 CONNECTED) 

Sensing relay 25 is continuously actuated by the DC 
voltage V3 provided by bridge 37 to its terminals e-f 
and, therefore, its normally-closed contacts are open 
and its normally-open contacts are closed. After the 
operator moves main switch 20 to its “down” position, 
red lamp 13 goes OFF and green lamp 14 turns ON 
because it is now connected across the power lines 
through contact e of switch 20 and contact e of relay 21, 
which remains energized as in Condition B. Horn 18 
goes OFF because contact 0 of main switch 20 is now 
open. Amber lamp 17 continues to stay ON as in Condi 
tions A and B. Green lamp 14 turns ON through NO 
contact e of main switch 20, NO contact e of main relay 
21, NO contacts b-c' of relay 25, and NC contacts a-b of 
relay 26. Contact b of relay 26 is connected to the 
power line L-2. 

Thus, in this Condition C only green lamp 14 and 
amber lamp 17 are ON. When green lamp 14 is ON, it 
indicates that it is now safe‘to connect the loading arms 
_2 to barge 1, whereupon the operator will connect the 
loading arms 2 to the barge as shown by the solid lines 
in the drawing. _ 
As long as amber lamp 17 remains ON, the operator 

is assured that the DC circuit 7 has no discontinuity 
therein. As long as lamp 14 stays ON it indicates that 
cable 3 is continuous and is effectively connected to 
barge 1. 

Thus, Condition C is the safe operating condition for 
the barge and its loading arms 2. A departure from this 
Condition C will indicate a malfunction or abnormality 
which will be manifested by the energization of one or 
more of the other warning devices in the alarm circuit 
10'. 

ABNORMAL OPERATING CONDITION D 
(BARGE IMPROPERLY GROUNDED) 

Condition D is indicative that either grounding cable 
3 is discontinuous or that its clamp 41 does not make an 
effective contact with barge 1. Current I2 does not ?ow 
in cable 3. Because arms 2 are still connected to the 
barge as in Condition C, rod C is by-passed by the arms 
2 and current I ?owing through shunt 42 is relatively , 
large. _ 

Electronic relay 24 remains actuated, as in Condition 
C, but the voltage V1 produced by the shunt resistor 42 
is now suf?cient to also actuate electronic relay 23, 
thereby opening its NC contacts a-b and removing 
power from main relay 21. Accordingly, contacts a~c of 
main relay 21 close. Red lamp 13 turns ON because it is 
connected to the power line L-2 through contact (1 of 
main switch 20 and through contacts a and c of main 
relay 21. 
Horn 18 turns ON because it is connected to power 

line L-2 through contact f of main switch 20, contact b 
of relay 21, contacts b-c of relay 25, and contacts a-b of 
relay 26. . 

Red lamp 16 turns ON because it is connected to 
power line L-2 through contact a of main relay 21. 
Amber lamp 17 stays ON as in Conditions A-C. 

Condition D reveals a very dangerous abnormality 
and, therefore, red lamp 13 indicates that it is now un 
safe to disconnect'the loading arms 2 from barge 1; red 
lamp 15 indicates that barge 1 is not effectively 
grounded through cable 3, and the sounding of horn 18 
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only serves to emphasize the warning provided by the ~ 
red lamps 13 and 15. l _ I 

The operator then tests the continuity of cable 3 and 
the‘ clamping effectiveness of clamp 41. Upon ?nding - 
and‘cor'recting the fault he re-establishes current ?ow 
I2 in cable 3, thereby returning the monitoring system 10 
to its safe operating Condition C. I 

‘ ‘ABNORMAL OPERATING CONDITION E 
. (FLANGE SHORTED). 

vGrounding clamp 41 is effectively‘connected tolbarg'e 
1,‘ and the loading arms 2 are also connected to'barge 1 
as in Condition C. ' > ’ 

In this Condition E a short circuit has developed 
across ?ange F-l in the circuit 8. 
The DC voltage V3 normally produced atithe output 

terminals e-f of‘recti?er 37 is sufficient to actuate relay 
25. But, in Condition E an abnormally-large AC current 
?ows in circuit 8, shown by heavier lines, and, there' 
fore, the DC voltage V3 produced vat the output of 
bridge 37 is now also sufficient to actuate for the first 
‘time both relays 25 and 26. Relays 22 and‘ 24 continue‘ to 
remain actuated, while relay 23 is‘ not actuated'.yThere 
fore, main relay 21 is actuated through contactsa-b of 
relay 22 and contacts a-b of relay 23. ‘ ' ‘ '1 

Red lamp 13 is ON through contact d of switch 2 
and contacts b-c of relay‘26. Flasher 27 becomes actu‘é 
ated because power line L-2 is'connected to “the termi 
nal h of coil 28 through contacts d’-d of relay 26, diode 
50, and NC contacts a_-b of ?asher 27. The energization 
of coil 28 causes c‘ontactsa-b of ?asher, 27 to intermit 
‘tently open and ‘close, thereby intermittently energizing 
?asher relay 29 and intermittently opening and closing 
contacts a-b of relay 29. Horn 18‘ becomes intermittently ' 
connected through contact b of relay 29 to the power 
line L-2, and red lamp 16 becomes intermittently con 
nected to the power line L-2 through the contact a of 
relay 29. Amber lamp 17 continues to stay ON. _ 

Thus, red lamp 13 is a warning that it is unsafe to 
disconnect the loading arms 2 from barge l, the inter 
mittent operation of red lamp 16 and of horn18‘ provide 

8 

ABNORMAL NON-OPERATING CONDITION G 
(SWITCH'ZQ IN UP POSITION) 

After the barge is loaded with its cargo, the ground 
ing clamp 41 and the loading arms 2 are disconnected 
from thebarge which returns to sea. 

In this Condition G, it is desired for the operator to 
manuallyreturn main switch 20 to its normal up posi 
tion. 

Electronic relay 23 is activated by the voltage V] 
supplied by shunt resistor 42. Shunt resistor 43 produces 
an insufficient voltage V; toactuate relay 22 because 
the grounding ‘cable'3 is disconnected from barge 1. 

_ Electronic relay 25 is actuated by ‘voltage V3 and-elec 
15 

20 

tronic relay 26 is deactivated. Since electronic relay 22 
is deactivated, main relay 21 is also deactivated. 

' Red lamp‘ 13 is ON because it is connected to power 
line L-2 through‘contact d‘of switch'20, contact 0 of 
relay 21, contact a of relay 21, contacts be of relay 25, 
and contacts a-b of relay 26. Horn 18 is ON because it is 
connected to power line L-2 through contact f of main 
switch 20,‘ contact bof relay '21, contacts b-c of relay 25, 

i and contacts a-b of relay 26. Red lamp 15 is ON because 
‘it isconnected to the power line L-2 through contact a 
of relay 21. Amber lamp 17 continues to stay ON. 
When the operator moves the main switch 20 from its 

down to its up position, the monitoring system 10 is 
‘ returned to its normal, non-operating Condition A. 

40. 

visual ‘and audible warningsto the operator‘tha‘t a short . 
in the insulated ?ange has occurred. When the short is 
foundand AC circuit 8 is restored to its normal operat 
ing condition, system 10 will also return to its safe oper 
ating Condition C. ' 

‘ ABNORMAL OPERATING CONDITION F ‘ 

(FLANGE CIRCUIT OPEN) A " ‘ 

In this condition instead of the ?ange circuit 8 being 
short circuited it is now open circuited, while the 
grounding clamp 41 and the loading arms 2 remain 
connected to the barge 1. This Condition F is similar to 
Condition E except that both relays 25, 26 are now 
deactivated. I I > 

Red lamp 13 turns ON through contact" d of main 
switch 20, contacts a-b of relay 25, and'contacts a~b.of 
relay 26. Flasher 27 becomes actuated by ‘power line 

50 

L-2 through contacts a-b of ?asher 27, diode 50-and ; 
contacts d-d’ of relay 25. Flasher 27 causes the intermit 
tent operation of the ?asher relay 29 which causes the 
intermittent operation of red lamp 15 and of horn 18, .as 
described in the previous Condition E. .Amber lamp 17> 
continues to stay ON. When the cause which produced 
an open circuit 8 is found and repaired, the monitoring 
systemv 10 will return to‘its safe operating Condition C. 

‘- ABNORMAL NON-OPERATING CONDITION H 
(GROUNDING CABLE 4 DISCONTINUOUS) 
Condition A,.as previously mentioned, is the condi 

tion,when the grounding circuit 7 -is continuous and 
barge 1 is at sea. The barge can be in the dock but it is 
not connected to either the grounding clamp 41 or to 
the loading arms 2. Should the DC circuit 7“become 
discontinuous, Condition H will be established. In this 
condition H, electronic relays 22, 23, 24 and 26 are 
deactivated and electronic relay 25 is activated. 
Red lamp 13 is ON because it is connected to power 

line L-2 through contact a of main switch 20. Red lamp 
15 is ON because it is connected to power line L-2 
through contact a of relay 21. 
When the operator ?nds the fault in the DC circuit 7 

andrestores it to its continuous condition, the monitor 
ing vsystem 10 ‘will return to its normal non~operating 
Condition A. 

ABNORMAL NON-OPERATING CONDITION I 
(FLANGE SHORTED) 

In this condition, which'is a deviation of Condition A, 
a short circuit has occurred in ‘a ?ange F-l of circuit 8. 
As a result, an abnormally~large AC current ?ows in 
circuit 8 and, therefore, the DC voltage V3 produced at 
the output of bridge‘ 37 is now sufficient to actuate relay 
26. Relays 24, 25 and 26 are activated, while relays 22 
and 23 are not activated. Therefore, main relay 21 is 
also not activated. . . 

‘ Red “lamp13 is ON through contact a of switch 20. 
Flasher 27 becomes activated because power line L-2 is 
connected to the terminal h of coil 28 through contacts 

‘ d’-d of relay 26, diode 50, and NC contacts a-b of ?asher 
27. The energization of coil 28 causes contacts a-b of 

' ~?asher 27 to intermittently open and close, thereby 
65 intermittently energizing ?asher relay 29 and intermit 

tently opening and closing contacts a-b of relay 29. 
' »Horn 18 becomes intermittently connected through 

contact b of relay 29 to the power line L-2, and red lamp 
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16 becomes intermittently connected to the power line 
L-2 through the contact a of relay 29. Amber lamp 17 
continues to stay ON. Red lamp 15 turns ON because 
power line L-Z is connected thereto through contact a 
of relay 21. 

Thus, the intermittent operations of red lamp 16 and 
of horn 18 provide visual and audible warnings to the 
operator of a shorted ?ange F-l. When the short is 
removed, system 10 will return to its normal non 
operating Condition A. I 
What is claimed is: 
1. A method for electrically grounding a metallic 

object and an adjacent metallic structure with a ground 
ing network which forms an integral part with a 
grounding continuity monitoring system that continu 
ously senses the effectiveness of the grounding network, 
thereby ensuring safe operating conditions, comprising: 

electrically connecting the structure to the earth 
through a ?rst grounding means; 

electrically connecting the object to said structure 
and to the earth through a second grounding 
means, whereby a grounding circuit is established 
between said grounding means, said structure and 
said object including the electrolytic path extend 
ing through said structure; ' 

applying an electric current to said ?rst and second 
means; 

sensing the amplitudes of the currents ?owing in said 
?rst and second means; 

electrically connecting an alarm circuit to said 
grounding network, said alarm circuit including 
suitably interconnected switching means, relays 
and warning devices; ‘and 

selectively energizing said warning devices in depen 
dence upon the amplitudes of the sensed currents. 

2. The method of claim 1, wherein said structure is a 
barge and said object is a conduit having at least one 
insulated flange therein; and 

connecting a resistor across the insulated ?ange; 
connecting an impedance in series with said resistor, 

said resistor and said impedance forming a ?ange 
circuit; 

connecting a current source to the ?ange circuit; ' 
sensing the amplitude of the current ?owing in said 
?ange circuit; and‘ , . 

energizing said warning devices in dependence upon 
the sensed currents in said grounding circuit and in 
said ?ange circuit. 

3. The method of claim 2, wherein said relays. are 
responsive to said sensed currents; and 

said warning devices becoming continuously or inter 
mittently energized in dependence upon the re 
spective amplitudes of said sensed currents.’ 

4. A system for equalizing the potential of an offshore 
structure with the potential of a metallic object, com 
prising: 

a ?rst grounding cable; _ 
means-connecting the ?rst grounding cable to the 

earth; ‘ 
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clamping means removably clamping said ?rst cable 
to said structure; . 

a second grounding cable electrically connected to 
said object; 

means connecting said second grounding cable to the 
earth; 

a ?rst current flow sensing device having one termi 
nal connected to a junction on said ?rst cable and 
another terminal connected to said second cable; 

a current source supplying current to said ?rst and 
second grounding cables; 

a second current ?ow sensing device connected be 
tween said junction and said, current source; 

said source, said sensing devices, said cables, said 
object, and said structure forming a test circuit 
which includes the electrolytic path through said 
structure, the conductivity of said test circuit being 
dependent on the effectiveness of the electric con 
nection between said ?rst grounding cable and said 
structure, and on the effectiveness of the electric 
connection between said second grounding cable 
and said metallic object; and 

means for monitoring said conductivity of said test 
circuit. 

5. The system of claim 4 wherein said monitoring 
means includes an alarm circuit; and 

said alarm circuit including switching means, relays, 
and warning devices operatively interconnected 
with said ?rst and second current flow sensing 
devices, whereby changes in the electric conduc 
tivity of said test circuit change the states of certain 
ones of said warning devices. 

6. The system of claim 5 wherein certain ones of said 
warning devices become selectively energized in depen 
dence upon the voltages developed across said current 
sensing devices. 

7. The system according to claim 6 wherein said 
structure is a barge and said object is a metallic pipe, 
and further comprising: 

an insulated flange in said pipe; 
a resistor connected in parallel with said ?ange; 
impedance means in series with said resistor, said 

' impedance and said resistor forming a ?ange cir 
cuit; 

a' current source energizing said ?ange circuit for 
developing a voltage across said impedance which . 
corresponds to the current ?ow in said ?ange cir 
cuit; and ' 

certain ones of said relays being responsive to said 
voltage across said impedance means for changing 
the state of certain ones of said warning devices in 
dependence upon the voltage developed across 
said parallel resistor, said latter voltage being indic 
ative of the effectiveness of said ?ange as an elec 
tric insulator. 

8. The system according to claim 7 wherein said 
relays include a ?asher relay for intermittently energiz 
ing certain ones of said warning devices. 

* * * * * 


